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© Optical bus with optical transceiver modules and method of manufacture. 



© An optical bus (10) including two identical tran- 
sceiver modules (12) each including transmitter and 
receiver circuitry and light detectors and light gener- 
ators (70). The light detectors and generators (70) 
are coupled, optically, to the ends of an optical fiber 
ribbon (13) by a molded waveguide (40) and, elec- 



trically, to the transmitter or receiver by conductors 
(26, 31, 32) in a mounting board (25). The receiver 
circuitry contains a burst mode, non-linear receiver 
(80) and the transmitter contains CMOS circuits (38) 
to increase the simplicity and speed of the module. 
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The present Invention pertains to an improved 
optical bus and more specifically to improved tran- 
sceiver modules for use with an optical bus. 

Background of the Invention 

Today we live in the midst of an information 
explosion. The rapid development of computing 
and telecommunications technologies in the 1980*5 
has served as a gateway to an entirely new world. 
In spite of the ever increasing capacity for storing 
and retrieving information, demand for that capacity 
seems to increase in lockstep. The growth of per- 
sona! computing and personal communications 
systems will further fuel this need well into the 
twenty first century. As the demand for information 
capacity grows, so does the need to transport that 
data. Computer designers no longer have the lux- 
ury of treating the interconnect as an afterthought 
to their computer design process. 

Presently, fiber optics industries have estab- 
lished market share in telecommunications and are 
beginning to penetrate the Local Area Network 
(LAN) markets. However, these industries still carry 
the high cost structure associated with telecom- 
munications solutions. This high cost structure has 
prevented the successful penetration of optics into 
the very high volume interconnect markets asso- 
ciated with the desktop computer industry. 

The underlying pattern of the desktop market 
today is a respectable growth rate in a market 
dominated by copper cable operating with limited 
bandwidth capability. As computers become more 
powerful the demand for inexpensive high perfor- 
mance interconnects will increase. For example, it 
is expected that when high resolution monitors 
reach the market in 1 - 2 years, the demand for an 
inexpensive, high performance interconnect will 
rise significantly. 

Fiber optic technology was, at its inception in 
the late 1960's, faced with the challenge of pene- 
trating the electronics marketplace. When optical 
fiber loss was dramatically reduced to less than 1 
db/Km in the late 1 970*5, the opportunity to begin 
to replace costly copper transmission lines with a 
single optical fiber emerged. Transmission of many 
telephone calls over long unrepealed distances 
could ultimately lead to significant reduction in a 
system's cost per channel-mile. Because telecom- 
munications systems costs are driven largely by 
cable cost, the fiber solution could be implemented 
without regard to the cost of the electro-optic inter- 
faces. A major consequence of this situation is the 
very high cost of manufacturing these interfaces, 
even today. 

The introduction of fiber optic communications 
into computer systems has lagged far behind the 
usage fiber optics have seen in the telecommunica- 



tions industries. This should not be surprising, 
since the cost-per channel mile figure of merit 
which originally drove fiber optics is not as impor- 
tant in the computer industry. Instead, computer 

5 designs are driven by the need to produce low 
cost, high performance information processing sys- 
tems and equipment. Hardware-related issues are 
mostly packaging and interconnect related. While 
these issues have always held high priority for 

70 computer equipment manufacturers, only recently 
have they taken a slightly different flavor. With the 
speed of microprocessors now rapidly being push- 
ed into and beyond the 100 Mb/s region, it is 
becoming very difficult to separate the circuit de- 

75 sign-fabrication issues from the packaging-intercon- 
nect issues. Instead, packages and their intercon- 
nections are an inseparable part of circuits. 

Computer processing speeds have enjoyed a 
steady and impressive growth during the last dec- 

20 ade, and are expected to continue that trend even 
though significant technical problems are involved. 
As computers become more complex, additional 
interconnect complexity follows, leading to more 
constrained degrees of freedom in system design. 

25 Questions are routinely asked if for example, back- 
planes or mother-boards are really necessary, and 
at what cost-performance do they make sense. 
Issues like system partitioning which demands in- 
novative design for the extra degree of freedom it 

30 generates must be solved. 

Summary of the Invention 

It is a purpose of the present invention to 
35 provide a new and improved optical bus with op- 
tical transceiver modules and method of manufac- 
ture. 

It is a further purpose of the present invention 
to provide a new and improved optica! bus with 

40 optical transceiver modules and method of manu- 
facture which is relatively simple and inexpensive 
to manufacture. 

It is a further purpose of the present invention 
to provide a new and improved optical bus with 

45 optical transceiver modules with a greatly in- 
creased speed and bandwidth over present wire 
interconnects. 

It is a further purpose of the present invention 
to provide a new and improved optical bus with 

so optical transceiver modules which can be utilized 
as computer interconnects and will provide addi- 
tional degrees of freedom to computer manufactur- 
ers. 

The above described problems are at least 
55 partially solved and the purposes realized by an 
optical transceiver module including a light detector 
having an optical input and an electrical terminal 
positioned on a first surface thereof, a light gener- 
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ator having an optical output and an electrical ter- 
minal positioned on a first surface thereof, an op- 
tical waveguide including a plurality of spaced 
apart light conducting cores each having first and 
second ends optically accessible at opposite ends 5 
of the waveguide, a plurality of electrical conduc- 
tors each being associated with a different one of 
the plurality of cores and having an externally ac- 
cessible contact positioned in a first end of the 
waveguide adjacent the first end of the associated 10 
core and an externally accessible portion posi- 
tioned on an external surface of the optical 
waveguide, the waveguide further having a plurality 
of alignment ferrules formed in a second end of the 
waveguide opposite the first end, the light detector is 
being affixed to the end of the waveguide with the 
optical input substantially aligned with the first end 
of a first core of the plurality of cores and the 
electrical terminal in electrical contact with the ex- 
ternally accessible contact of the electrical conduc- 20 
tor associated with the first core, the light generator 
being affixed to the end of the waveguide with the 
optical output substantially aligned with the first 
end of a second core of the plurality of cores and 
the electrical terminal in electrical contact with the 25 
externally accessible contact of the electrical con- 
ductor associated with the second core, a first 
integrated circuit including a transmitter with elec- 
trical input and output terminals, a second inte- 
grated circuit including a receiver with electrical 30 
input and output terminals, an electrical intercon- 
nect and mounting board including a first mounting 
area having the optical waveguide mounted thereon 
with the second end of the waveguide being posi- 
tioned adjacent an externa! edge of the board and 35 
facing outwardly therefrom, a second mounting 
area having the first integrated circuit mounted 
thereon and including electrical conductors extend- 
ing from adjacent the first mounting area to adja- 
cent the second mounting area, and a third mount- aq 
ing area having the second integrated circuit moun- 
ted thereon and including electrical conductors ex- 
tending from adjacent the first mounting area to 
adjacent the third mounting area, the board further 
including electrical input and output terminals, and 45 
the electrical conductors extending from adjacent 
the first mounting area to adjacent the second 
mounting area being connected in electrical contact 
with the electrical output terminal of the transmitter 
and the externally accessible portion of the elec- 50 
trical conductor associated with the first core, and 
the electrical input terminal of the transmitter being 
connected in electrical contact with an input termi- 
nal of the electrical interconnect and mounting 
board, the electrical conductors extending from ad- 55 
jacent the first mounting area to adjacent the third 
mounting area being connected in electrical contact 
with the electrical input terminal of the receiver and 



the externally accessible portion of the electrical 
conductor associated with the second core, and the 
electrical output terminal of the receiver being con- 
nected in electrical contact with an output terminal 
of the electrical interconnect and mounting board. 

Further, the above described problems are at 
least partially solved and the purposes realized by 
a method of manufacturing the above described 
optical transceiver module. 

Brief Description of the Drawings 

Referring to the drawings: 
FIG. 1 is a view in perspective of an optical bus 
with optical transceiver module, portions thereof 
removed, incorporating the present invention; 
FIG. 2 is an exploded view in perspective of the 
optical transceiver module illustrated in FIG. 1; 
Fig. 3 is an exploded view in perspective of a 
portion of the optical transceiver module illus- 
trated in FIG. 2; 

FIG. 4 is a schematic representation of a typical 
CMOS circuit; 

FIG. 5 is a schematic/block diagram of a burst 
mode data receiver; 

FIG. 6 is a sectional view, portions thereof 
broken away, of a potion of the optical tran- 
sceiver module as seen from the line 6 - 6 in 
FIG. 1; 

FIG. 7 is a greatly enlarged sectional view of a 
portion of FIG. 6; and 

FIG. 8 is a cross-sectional view of the portion of 
FIG. 6, as seen from the line 8 - 8 in FIG. 7. 

Description of the Preferred Embodiments 

Referring specifically to FIG. 1, a view in per- 
spective of an optical bus 10 with optical tran- 
sceiver module 12, portions thereof removed, in- 
corporating the present invention is illustrated. Op- 
tical bus 10 further includes a second module (not 
shown) which is identical to transceiver module 12 
and an optical fiber ribbon 13 with a connector 14 
at each end (only one end of which is shown). 
Connector 14 includes a pair of outwardly extend- 
ing pins 15 designed to be engaged within align- 
ment ferrules 16 in one edge of transceiver module 
12. Pins 15 align a plurality of optical channels 
within optical ribbon 13 and connector 14 with 
optical inputs/outputs positioned between alignment 
ferrules 16. It should be understood that generally 
connector 14 will be formed with ferrules also, and 
the ends of the optical channels will be polished for 
substantially gap-free mating with the optical in- 
puts/outputs in module 12. Pins 15 are then in- 
serted and anchored in either the ferrules in con- 
nector 14 or in module 12. 
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Transceiver module 12 also has a plurality of 
electrical inputs/outputs 18 positioned in the re- 
maining edges thereof. While electrical in- 
puts/outputs 18 are illustrated in this specific em- 
bodiment as leads, such as a copper lead frame, it 
will be apparent to those skilled in the art that the 
electrical inputs/outputs could be any convenient 
type of terminal, such as conductive epoxy bumps, 
solder bumps, or J-leads for surface mounting, or 
any of the commonly used leads for through board 
mounting. 

FIG. 2 is an exploded view in perspective of 
transceiver module 12 with upper and lower plastic 
over molding portions 21 and 22, respectively, re- 
moved to illustrate the inner components. While 
over molding portions 21 and 22 are utilized herein 
to encapsulate the inner components of transceiver 
module 12, it will be understood by those skilled in 
the art that many different types of encapsulation 
might be utilized, depending upon the specific ap- 
plication, environment, etc. 

Referring specifically to FIG. 3, an enlarged 
view in perspective of the inner components of 
transceiver module 12 is illustrated. An electrical 
interconnect and mounting board 25 is provided for 
mounting the various components to be described. 
Board 25 may be as simple as a standard silver 
plated copper flag or a printed circuit board or, as 
in the present embodiment, it may be a multilayer 
laminated board designed to have mounted thereon 
a plurality of integrated circuit chips. The leadframe 
forming electrical inputs/outputs 18 is conveniently 
incorporated into the laminations and electrically 
connected to electrical conductors 26 on the upper 
surface of board 25 in any of the well known ways. 
Board 25 has three different mounting areas 27, 28 
and 29 defined thereon with electrical conductors 
31 extending between mounting area 27 and 28 
and electrical conductors 32 extending between 
mounting areas 27 and 29. 

In this specific embodiment an optical interface 
35 is fixedly mounted on board 25 at mounting 
area 27 and integrated circuits 36 and 37 are 
fixedly mounted on board 25 at mounting areas 28 
and 29, respectively. Optical interface 35 includes 
all of the optical/electrical and electrical/optical con- 
version circuits and, therefore, separates all of the 
tight optical alignment problems from the rest of 
transceiver module 12. Also, in this embodiment 
integrated circuits 36 and 37 are packaged for 
direct mounting by means of conductive epoxy 
bumps but it will be understood that any conve- 
nient means of mounting and connection to elec- 
trical conductors 26, 31 and 32 may be utilized. 
Integrated circuit 36 includes transmitter circuitry 
for driving light generators contained in optical in- 
terface 35 in accordance with signals received at 
electrical inputs/outputs 18. Integrated circuit 37 



contains receiver circuitry for receiving electrical 
signals generated by optical detectors contained in 
optical interface 35 in response to light signals 
received by optical interface 35. Two separate in- 
5 tegrated circuits 36 and 37 are utilized for conve- 
nience of this description but it should be under- 
stood that the two integrated circuits could be 
contained in a single semiconductor chip. 

Referring specifically to FIG. 4, schematic re- 
70 presentation of a typical CMOS gate circuit 38 is 
illustrated. Generally, CMOS is a complementary 
configuration of transistors consisting of P-channel 
devices connected to N-channel devices. In gate 
circuit 38, the drains are connected together pro- 
75 viding the output to a light generator, such as a 
vertical cavity surface emitting laser 39 (VCSEL), 
and the gates are connected together forming the 
input. In this configuration, when the input is low, 
the N-channel device is off and the P-channel 
20 device is on. Consequently the output is driven 
high, sourcing current into VCSEL 39, a low imped- 
ance load. Similarly when the input is high, the N- 
channel device is on and the P-channel device is 
off. The output is then driven low, approaching 
25 ground. Thus, one of the transistors is off for both 
states of the input to the inverter. Only a small 
current flows in either of these states. A significant 
current flows only during the transition from high to 
low or low to high. The result is that the static 
30 power dissipation is much lower than in previous 
optical transmitter designs. 

CMOS gate circuit 38 is utilized in the transmit- 
ter included in integrated circuit 36 because it can 
directly drive light generators, such as VCSEL 39, 
35 without the need for complicated, custom transmit- 
ter circuitry. By utilizing, for example, ultra-low 
threshold VCSELs (<10ma), the requirement to 
monitor the output of the laser with a photodetector 
(as in past laser circuits) is no longer necessary 
40 and complicated feedback circuits to maintain the 
laser output constant can now be eliminated. In 
addition to the fact that gate circuit 38 is extremely 
simple, it is utilized because of the speed of the 
circuit and the low power utilized. 
45 When a CMOS gate circuit is connected di- 
rectly to an ultra-low threshold laser diode (such as 
a VCSEL or a multi-quantum well edge emitting 
laser with high reflection coatings), the optical out- 
put of such devices can be dithered by the current 
so switching characteristics of the CMOS gate circuit. 
No pre-bias of the laser is required under these 
circumstances, so that standard CMOS digital com- 
ponents can be connected directly to the laser with 
no more than a single series resistor (for current 
55 limiting). This concept, referred to herein as "direct 
drive", greatly simplifies the transmitter circuits and 
significantly enhances the method of manufacture 
for optical bus 10 and optical transceiver module 
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12. In a preferred embodiment of the transmitter 
circuit, CMOS gate circuit 38 includes a CMOS 
hex-inverter integrated circuit, such as the 
MC74AC04N commercially available from 
MOTOROLA, Inc. Direct drive of the light gener- 
ators from ECL off-the-shelf components can also 
be utilized to simplify the transmitter circuit. An 
example of an ECL off-the-shelf component which 
can be utilized is the ECLinPS series 
MC10E107FN exclusive OR gate available from 
MOTOROLA Inc. 

Thus, each optical channel associated with the 
transmitter circuitry is capable of transmitting data 
at a speed initially determined by a CMOS gate, 
(which presently is at a 150 Mb/s transmission rate 
with the 1.2um ACT series of gates manufactured 
by MOTOROLA, Inc.), so that bus 10 can supply 
from a few Mb/s to more than 1 Gb/s of parallel 
data transfer depending upon the specific CMOS 
version available. This range of data transfer makes 
bus 10 particularly suitable for use in next genera- 
tion high-end desk top computers which are look- 
ing for high data rates at low cost and upgradabil- 
ity. It should also be noted that as improved 
CMOS, or other types of circuitry, become avail- 
able, systems utilizing optical bus 10 can simply 
install new transceiver modules incorporating the 
upgrades and the manufacturer of the transceiver 
modules has simply to utilize the upgraded in- 
tegrated circuits in his assembly process to pro- 
duce upgraded transceiver modules. 

Referring specifically to FIG. 5, a schemat- 
ic/block diagram of a burst mode data receiver 80 
embodying the present invention is illustrated. 
Burst mode data receiver 80 includes an input 
stage 82, which in this embodiment is a transim- 
pedance amplifier, having an input terminal 84 con- 
structed to receive non-linear input signals. In this 
example, input terminal 84 has a photo diode 86 
connected thereto, which diode 86 supplies binary 
signals to input terminal 84 in response to light 
impinging thereon. Burst mode data receiver 80 
further includes an amplifier 88 and a hysteresis 
stage 90. Input stage 82, amplifier 88 and hyster- 
esis stage 90 are all direct coupled with no cou- 
pling capacitors required because, as will be more 
apparent presently, DC inputs have no effect on 
amplifier 80. Signals supplied at input terminal 84 
are current signals and output signals from hyster- 
esis stage 90 are amplified voltage replicas of the 
input current signals. 

Input currents produce a switching action in 
circuit 82 between a pair of transistors (not shown), 
which essentially differentiates the input signal. The 
differentiating action of stage 82 results in output 
pulses being produced at the outputs thereof. The 
output pulses from input stage 82 are applied to 
amplifier 88 which in this specific embodiment is a 



differential amplifier. By utilizing a differential am- 
plifier as amplifier 88, the common mode prop- 
erties of signals applied thereto are removed and a 
true differential signal is produced. Amplifier 88 can 
5 include as many separate amplifying stages as are 
required for the specific application. Because the 
output signals of amplifier 88 are generated from 
the front and back edges of the input signals, pulse 
width distortion is virtually eliminated. 
70 This method and apparatus for producing non- 

pulse width distorted output signals has the addi- 
tional advantage of being able to track input signals 
from less than one microampere to greater than 
one milliampere, which is a dynamic range of 
75 greater than a factor of three decades or 60db 
(RF). Further, the bandwidth of input stage 82 is 
not critical, linearity is not needed and very slow 
signals can be tracked. 

In this embodiment of hysteresis stage 90, 
20 internal resistors (not shown) provide a positive 
feedback from the output to the input which latches 
the circuit in one or the other of two output states 
or logic levels. Internal resistors (not shown) also 
establish an offset voltage which must be exceed- 
25 ed by input signals before switching between the 
two output states or logic levels occurs. The values 
of the internal resistors can be changed in various 
applications to change the offset voltage to suit the 
application. Because of the latching function of 
30 hysteresis stage 90, the output is always latched in 
one of the possible output states, even when there 
is no input signal. Thus, it is not necessary to 
include complicated circuitry for detecting the cen- 
ter point of input signals and centering the output 
35 signals around the input signals or providing an 
input offset voltage or current signal. 

Hysteresis stage 90 provides a number of ad- 
vantages to burst mode data receiver 80 including 
the advantage of having a latched output with no 
40 input signal. Further, hysteresis stage 90 provides 
output signals with faster rise and fall times be- 
cause once hysteresis stage 90 is triggered the 
output switches states, with the switching time de- 
pending only upon the components of hysteresis 
45 stage 90. Also, the offset is generally set to be well 
above noise and other interference signals in the 
system so that only true data signals will trigger 
hysteresis stage 90. As previously mentioned, be- 
cause of the novel hysteresis stage 90 linearity in 
50 the previous stages is not a requirement. A clock 
may be easily incorporated into burst mode data 
receiver 80, and, especially hysteresis stage 90, to 
provide clocked output signals, if desired. 

FIG. 6 is a sectional view, portions thereof 
55 broken away, of a portion of the optical transceiver 
module as seen from the line 6 - 6 in FIG. 1 . In this 
preferred embodiment optical interface 35 includes 
a molded optical waveguide 40. which can be seen 
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in more detail in FIGS. 7 and 8. FIG. 7 is a greatly 
enlarged sectional view of optical interface 35 and 
of molded waveguide 40. FIG. 8 is a cross-sec- 
tional view of molded waveguide 40 as seen from 
the line 8 - 8 in FIG. 7. 

Molded waveguide 40 is made of first cladding 
layer 42, second cladding layer 44, and cores 45. 
Second cladding layer 44 is molded with axially 
extending channels in the inner surface thereof, 
which channels are designed to receive unproces- 
sed core material therein. Typically, the inner sur- 
faces of molded first cladding layer 42 and molded 
second cladding layer 44 are joined by an optically 
transparent material which forms cores 45 of 
waveguide 40 and acts as an adhesive and an 
optically transparent polymer. The optically trans- 
parent material generally may be any of several 
materials, such as epoxies, plastics, polyimides, or 
the like. Generally, refractive indexes of these opti- 
cally transparent materials range from 1 .54 to 1 .58. 
It should be understood that to form an optical 
waveguide the refractive index of cores 45 should 
be at least 0.01 greater than the refractive index of 
cladding layers 42 and 44. 

In this specific embodiment of molded 
waveguide 40, epoxy is used to join the inner 
surface of first cladding layer 42 to the inner sur- 
face of second cladding layer 44. Application of the 
epoxy is done in a manner so as to completely fill 
the channels of first cladding layer 42, thereby 
forming cores 45. Further, by having cores 45 
completely surrounded by cladding layers 42 and 
44, cores 45 have superior performance character- 
istics for conducting light or light signals. These 
superior performance characteristics are used in 
enhancing high speed communications applica- 
tions, such as chip-to-chip communications, board- 
to-chip communications, board-to-board communi- 
cations, computer-to-computer communications, 
and the like. Additionally, a capability is available, 
in molded waveguide 40, to match refractive in- 
dexes of cladding layers 42 and 44. 

In addition, second cladding layer 44 has a 
ground plane, or ground conductor, 46 affixed to 
the lower surface thereof. Also, a plurality of elec- 
trical conductors 50, in this embodiment one for 
each core 45, are molded into first cladding layer 
42. Electrical conductors 50 are, for example, pro- 
vided in the form of a flexible leadframe, which 
leadframes are well known in the semiconductor 
art. Ground conductor 46 and conductors 50 are 
formed of any convenient electrically conducting 
material, such as copper, aluminum, gold, silver, 
etc. 

As can be seen especially in FIGS. 7 and 8, 
electrical conductors 50 are molded into first clad- 
ding layer 42 and each have a first end forming an 
electrically accessible contact 52 in end 55 of 



molded optical waveguide 40. Electrical conductors 
50 extend into the bulk of first cladding layer 42 
and are bent at 57 with two generally ninety degree 
bends so that a portion 58 of each electrical con- 

5 ductor 50 lies in the upper surface of first cladding 
layer 42 and is available for external electrical 
connections thereto. The position of portion 58 in 
the upper surface of first cladding layer 42 de- 
pends upon the specific application and the posi- 

io tion and type of external electrical connections to 
be made. 

Ground conductor 46 may be molded into, or 
along with, cladding layer 44, or it may be depos- 
ited on cladding layer 44 after the formation there- 
75 of. Further, while ground conductor 46 is referred 
to as a ground plane in this specific embodiment it 
will be understood by those skilled in the art that in 
some special applications ground conductor 46 
may be molded into second cladding layer 44 and 
20 may include a plurality of individual conductors 
similar to electrical conductors 50. In either case, 
ground conductor 46 generally includes an exter- 
nally accessible electrical contact 59 positioned in 
an end 60 of second cladding layer 44, which end 
25 60 lies in a plane with end 55 of first cladding layer 
42, both of which define a first end of optical 
waveguide 40. Also, ground conductor 46 generally 
includes an externally accessible electrical portion 
62 lying in an external surface of second cladding 
30 layer 44. 

An optical array 70 is illustrated affixed to the 
first end of optical waveguide 40, which optical 
array 70 includes at least one light detector and 
one light generator. In this specific embodiment 
35 optical array 70 contains twenty optical devices 72. 
Optical devices 72 can be any of the devices 
known in the art which detect or generate light, or 
any combination thereof, such as light detecting 
diodes, light emitting diodes, vertical cavity surface 
40 emitting lasers, any of the other known lasers, field 
emission devices, etc. Each optical device 72 in- 
cludes an optical input/output 74 positioned in a 
surface 75 of optical array 70. Each of the optical 
input/outputs 74 is aligned with a different one of 
45 the cores 45 so that light travelling down aligned 
core 45 enters input/output 74 of optical device 72 
or light generated by optical device 72 leaves 
input/output 74, enters aligned core 45 and is con- 
ducted thereby to the opposite end. 
50 Each optical device 72 has a pair of spaced 

apart electrical terminals positioned in surface 75 of 
optical array 70 so that one of the terminals con- 
nects to contact 52 adjacent, or associated with, 
aligned core 45 and the other terminal connects to 
55 contact 59 of ground conductor 46. The electrical 
terminals of each optical device 72 are connected 
to the contacts 52 and 59 adjacent to, or asso- 
ciated with, the aligned core 45 at 64 and 65 (see 
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FIG. 7) by means of a weld or reflowable connec- 
tion material such as conductive epoxy, solder, 
solder paste, etc. Generally, since electrical con- 
ductors 50 are molded into cladding layer 42 and 
ground conductor 46 is molded into, or deposited 5 
on the surface of, cladding layer 44 the positioning 
of contacts 52 and 59 is sufficiently accurate to 
allow satisfactory alignment of optical input/outputs 
74 with cores 45 utilizing normal robotics. By sim- 
ply aligning the pair of terminals of each optical io 
device 72 to contacts 52 and 59 while simulta- 
neously using the upward and downward visual 
system in a pick 'n place die/robot, tight t 0.1 mil 
(or ± 2 microns) placement can be achieved. The 
affixing can also be performed manually if conve- rs 
nient. 

Once optical array 70 is physically and elec- 
trically affixed to optical waveguide 40, optical in- 
terface 35 is surface mounted on board 25. Elec- 
trical connections to optical devices 72 are made 20 
by some convenient means such as wire bonding 
78 (see FIG. 6) between externally accessible por- 
tions 58 and contacts, or bonding pads, on board 
25. In general a single contact to ground conductor 
46 provides a connection to the opposite side of all 25 
of optical devices 72. Thus, each of the twenty 
optical devices 72 is connected to either the trans- 
mitter circuitry in integrated circuit 36 through elec- 
trical conductor 31 or the receiver circuitry in in- 
tegrated circuit 37 through electrical conductor 32. 30 
With all of the components fixedly mounted on 
board 25, the assembly is encapsulated by some 
convenient means, such as plastic over molding 
utilizing upper and lower plastic over molding por- 
tions 21 and 22. During the encapsulation proce- 35 
dure it is necessary to insure the accessibility of 
ferrules 16 and the ends of cores 45. 

Optical inputs/outputs are carried by cores 45 
of optical waveguide 40 between the optical in- 
puts/outputs of optical devices 72 and the optical 40 
channels within optical ribbon 13 and connector 14. 
The twenty optical channels within optical ribbon 
13 and connector 14 are aligned with cores 45 of 
optical waveguide 40 by engaging pins 15 of con- 
nector 14 in ferrules 16 of optical waveguide 40. 45 
Generally, connector 14 is retained in connection 
with optical transceiver module 12 by means of a 
press-snap locking mechanism (not shown). In this 
specific embodiment, twenty channels are utilized, 
eight of which are for transmission of optical sig- 50 
nals from transceiver module 12, eight of which are 
for transmission of optical signals to transceiver 
module 12 and four additional channels for clock 
signals, parity and handshaking. While twenty 
channels are utilized herein for the parallel trans- 55 
mission, and reception, of eight bits of data, it will 
be understood by those skilled in the art that more 
or less channels could be utilized if desired. 



At present, an International Optical Standard 
dictates sizes, spacing of channels, etc. in optical 
connectors. Because this standard is limited in the 
number of channels included in an optical connec- 
tor, it may be more convenient to manufacture a 
twenty channel (or greater) connector by including 
a number of standardized smaller connectors. For 
example, in the present embodiment of twenty 
channels it is convenient to utilize two standard ten 
channel optical connectors and couple them to- 
gether with a flexible material that allows the si- 
multaneous coupling of the two connectors to op- 
tical transceiver module 12. 

Thus, optical bus 10, including transceiver 
module 12, is an easily manufactured alternative to 
the present day electrical buses. Besides being 
relatively inexpensive and simple to manufacture, 
the bandwidth and data carrying capacity of optical 
bus 10 are substantially greater than electrical bus- 
es with a similar number of channels. Further, if 
utilized properly, the optical alternative can open 
new partitioning options to the computer designer. 
Also, with new partitioning options the manufactur- 
ers will have new packaging options. 

Claims 

1. An optical transceiver module characterized 
by: 

a light detector (72) having an optical input 
(74) and an electrical terminal (65) positioned 
on a first surface (75) thereof; 

a light generator (72) having an optical 
output (74) and an electrical terminal (65) posi- 
tioned on a first surface (75) thereof; 

an optical waveguide (40) including a plu- 
rality of spaced apart light conducting cores 
(45) each having first and second ends opti- 
cally accessible at opposite ends of the 
waveguide, a plurality of electrical conductors 
(50) each being associated with a different one 
of the plurality of cores (45) and having an 
externally accessible contact (52) positioned in 
a first end (55) of the waveguide adjacent the 
first end of the associated core (45) and an 
externally accessible portion (58) positioned on 
an external surface of the optical waveguide 
(40), the waveguide (40) further having a plu- 
rality of alignment ferrules (16) formed in a 
second end of the waveguide (40) opposite the 
first end (55); 

the. light detector (72) being affixed to the 
end of the waveguide (40) with the optical 
input (74) substantially aligned with the first 
end of a first core (45) of the plurality of cores 
and the electrical terminal (65) in electrical 
contact with the externally accessible contact 
(52) of the electrical conductor (50) associated 
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with the first core (45); 

the light generator (72) being affixed to the 
end of the waveguide (40) with the optical 
output (74) substantially aligned with the first 
end of a second core (45) of the plurality of 5 
cores and the electrical terminal (65) in elec- 
trical contact with the externally accessible 
contact (52) of the electrical conductor (50) 
associated with the second core; 

a first integrated circuit (36) including a io 
transmitter with electrical input and output ter- 
minals (26, 31); 

a second integrated circuit (37) including a 
receiver with electrical input and output termi- 
nals (26, 32); '5 

an electrical interconnect and mounting 
board (25) including a first mounting area (27) 
having the optical waveguide (35) mounted 
thereon with the second end of the waveguide 
being positioned adjacent an external edge of 20 
the board and facing outwardly therefrom, a 
second mounting area (28) having the first 
integrated circuit (36) mounted thereon and 
including electrical conductors (31) extending 
from adjacent the first mounting area (27) to 25 
adjacent the second mounting area (28), and a 
third mounting area (29) having the second 
integrated circuit mounted thereon and includ- 
ing electrical conductors (32) extending from 
adjacent the first mounting area (27) to adja- 30 
cent the third mounting area (29), the board 
(25) further including electrical input and output 
terminals (18); and 

the electrical conductors (31) extending 
from adjacent the first mounting area (27) to 35 
adjacent the second mounting area (28) being 
connected in electrical contact with the elec- 
trical output terminal of the transmitter and the 
externally accessible portion (58) of the elec- 
trical conductor (50) associated with the first 40 
core (45), and the electrical input terminal of 
the transmitter being connected in electrical 
contact with an input terminal (18) of the elec- 
trical interconnect and mounting board (25), 
the electrical conductors (32) extending from 45 
adjacent the first mounting area (27) to adja- 
cent the third mounting area (29) being con- 
nected in electrical contact with the electrical 
input terminal of the receiver and the externally 
accessible portion (58) of the electrical con- 50 
ductor (50) associated with the second core 
(45), and the electrical output terminal of the 
receiver being connected in electrical contact 
with an output terminal (18) of the electrical 
interconnect and mounting board (25). 55 

2. An optical transceiver module as claimed in 
claim 1 further characterized in that the light 



detector and light generator are provided in a 
single unit (70). 

3. An optical transceiver module as claimed in 
claim 1 further characterized in that the first 
(36) and second (37) integrated circuits are 
provided on a single semiconductor chip. 

4. An optical transceiver module as claimed in 
claim 1 further characterized in that the trans- 
mitter includes a CMOS gate circuit (38). 

5. An optical transceiver module as claimed in 
claim 4 further characterized in that the light 
generator includes an ultra-low threshold laser 
and the CMOS gate circuit included in the 
transmitter is connected directly to the ultra- 
low threshold laser. 

6. An optical transceiver module as claimed in 
claim 1 further characterized in that the re- 
ceiver in the second integrated circuit (37) 
includes an input stage (82) having an input 
terminal (84) for receiving non-linear input sig- 
nals and an output terminal supplying output 
signals indicative of the front and rear edges of 
non-linear input signals received, an amplifier 
(88) coupled to receive the output signals from 
the input stage and provide amplified output 
signals at an output terminal thereof, and a 
hysteresis stage (90) coupled to receive the 
amplified output signals from the output termi- 
nal of the amplifier (88) and regenerate an 
amplified replica of the non-linear input signals. 

7. An optical transceiver module as claimed in 
claim 1 further characterized by a reference 
electrical conductor (46) formed in the optical 
waveguide (40) with an externally accessible 
contact (59) positioned in the end (60) of the 
waveguide (40) adjacent the first end of the 
core (45) and an externally accessible portion 
(62) positioned on an external surface of the 
waveguide (40) and the light detector and light 
generator (70) each have a reference terminal 
(64) positioned on the first surface (75) thereof 
and in contact with the externally accessible 
contact (55) of the reference electrical conduc- 
tor (46). 

8. An optical transceiver module as claimed in 
claim 1 further characterized in that the light 
generator includes a vertical cavity surface 
emitting laser. 

9. An optical transceiver module as claimed in 
claim 7 further characterized in that the trans- 
mitter included in the first integrated circuit is a 
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single gate circuit (38) with the electrical output 
terminal direct coupled to the electrical termi- 
nal of the light generator (39). 

10. An optical transceiver module as claimed in 5 
claim 7 further characterized in that the re- 
ceiver included in the second integrated circuit 
is a non-linear burst mode data receiver (80). 
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